Abbreviation Key: CLEST = expressed sequence tags from chicken liver; EST = expressed sequence tags; RFLP = restriction fragment length polymorphism. ABSTRACT A total of 92 expressed sequence tags from chicken liver (CLEST) were searched for homology with known genes. Among the CLEST, 29% had no sequence similarities with known genes, 34% showed sequence similarity to rRNA, 9% to mitochondrial genes, 23% to known nuclear genes, and 5% to human expressed sequence tags. Among the nuclear CLEST (excluding rRNA), clones with sequence similarity to aldolase B were represented four times, whereas all the other clones represented unique genes. The presence of MspI and TaqI restriction fragment length polymorphisms (RFLP) associated with CLEST were analyzed by bulk Southern blotting in 16 strains of White Leghorn chickens derived from five different genetic bases. No RFLP were observed with rRNA CLEST and a single MspI RFLP was observed with mitochondrial CLEST.
INTRODUCTION
The identification of genes responsible for trait variations ultimately relies on the analysis of candidate genes either in the vicinity of previously mapped trait loci (Botstein et al., 1980; Paterson et al., 1988) or in a genome-wide search (Risch and Merikangas, 1996) . For this purpose, expressed sequence tags (EST) have been characterized from many human tissues (Adams et al., 1993; Affara et al., 1994; Allikmets et al., 1995; Becker et al., 1995) . These human EST data bases provide a valuable resource for identifying genes in animal livestock on the basis of sequence homology. In addition, tissue and developmental specificity of EST expression provides information about candidate genes to be analyzed for trait associations (Schraml et al., 1994) .
Our interest is the identification of quantitative trait genes in White Leghorns. We have therefore started to isolate and characterize EST from the liver, the major organ for the synthesis, conversion, redistribution, and storage of metabolites and blood components (see review by Hoe and Wilkinson, 1973) . Our purpose was twofold. First, we wanted to test the degree of redundancy when isolating random cDNA clones and the success rate in identifying EST on the basis of homology with known genes from chickens and other species. Second, we wanted to test the frequency of genetic markers in or near EST. The identification of such markers is essential for association studies of genes with traits (Risch and Merikangas, 1996) .
MATERIALS AND METHODS

Isolation and Characterization of Chicken Liver cDNA Clones
A chicken liver cDNA library (lambda ZAP) prepared from 7-wk-old males of a broiler breeder strain was purchased from Strategene. 2 Phagemids containing cDNA inserts were recovered using the in vivo excision protocol provided by the manufacturer. The inserts were sequenced using the Sanger chain termination method with the ThermalBase ™ sequencing kit. 2 The M13 reverse primer (5′-AACAGCTATGAC CATG-3′) or T7 primer (5′-AATACGACTCACTATAG-3′) were used in the DNA sequencing reactions according to the instruction of supplier (Strategene). 2 The search for sequence similarity was conducted through the BLAST e-mail service (Altschul et al., 1990) using the BLASTN program.
Strains of Chickens
Genetic Base I. Derived from a common base population established from four North American commercial strains in 1956 and consisting of Strain 7 (control strain), Strains 8 and 9 (selected for egg production traits; Gowe et al., 1993) and Strain 8R (selected for Marek's disease resistance; Gavora et al., 1989) .
Genetic Base II. Derived from a strain of Canadian origin in 1950 and consisting of Strain 5 (control), Strains 3 and 1 (selected for egg production traits), and Strain 3R (selected for Marek's resistance; Gavora et al., 1989) .
Genetic Base III. Developed at Cornell in the late 1930s and consisting of Strains S and K, divergently selected for resistance to Marek's diseases resistance (Cole and Hutt, 1973) and Strains Rs and Rr, derived from Strain K and divergently selected for susceptibility to avian leukosis (Hartmann et al., 1984) .
Genetic Base IV. Strains Mr and Ms, derived from a North American strain in 1950 and divergently selected for resistance to Rous Sarcoma virus (Hartmann et al., 1984) .
Genetic Base V. Strains Gr and Gs, derived from a strain of German origin and divergently selected for resistance to Rous Sarcoma virus (Hartmann et al., 1984) . Blood samples (1 to 2 mL) were collected into heparinized tubes and stored at -70 C until DNA was isolated.
Southern Blotting
DNA was extracted from 60-mL aliquots of heparinized whole blood of female chickens using the method described by Jeffreys and Morton (1987) and dissolved in TE buffer containing 10 M Tris-HCl (pH 7.5) and 0.1 mM EDTA (pH 8.0). The concentration of DNA was estimated using spectrophotometry at a wave length of 260 nm. Equal amounts of DNA from 20 individuals were pooled for each strain. A 30-mL mixture containing 5 mg of pooled genomic DNA, 15 units of restriction enzyme and 1 × OnePhor-All buffer 3 was incubated at 37 C (65 C for TaqI) for 3 h. DNA fragments were separated in a 1% agarose gel at 1.25 V/cm for 20 h and then transferred to nylon membrane by alkali blotting (Reed and Mann, 1985) . The probes used for Southern blot hybridization (Southern, 1975) were labeled by random primer extension with four nucleotides including alpha-32 P-CTP using the T7 QuickPrime ™ Kit. 3 Unincorporated radioactive nucleotides were removed by filtration through a Sephadex G-50 column as described by the supplier. 3 Prehybridization, hybridization, and washing were carried as described by Kuhnlein et al. (1989) . Before rehybridization, the bound probe was removed from the membrane by boiling in 0.1 × SSC, 0.1% SDS for 1 h. Based on the comparison of blots of pools and of individuals, the resolution is estimated as 1 to 2 polymorphic individuals per 20.
RESULTS AND DISCUSSION
Sequence Similarity of Chicken cDNA Clones with Known Genes
A total of 112 cDNA clones were randomly selected from a chicken liver cDNA library. Twenty clones contained no detectable inserts. The remaining 92 clones contained inserts with lengths ranging from 50 to 3,000 bp. They were partially sequenced and the sequences analyzed for homology to known DNA and protein sequences of chickens and other species (Table 1) . Significant DNA sequence homology with known genes or sequence human sequence tags was found for 70% of the inserts.
One third (33%) of the clones contained 28S rRNA sequences. The 28S rRNA is at the 3′-end of the 45S rRNA transcription unit, which gives rise to the 18S, 5.8S, and 28S rRNA species. A single clone corresponded to the 18S rRNA. Although the rRNA transcripts do not undergo poly-adenylation, the 3′-end of the 45S precursor contains several conserved sequences (SalI boxes), which are flanked by polyA. It may preclude their complete removal by poly dT chromatography. No clones corresponding to the 5.8S rRNA were found.
Eight clones (9%) were transcripts of mitochondrial genes. Half of these encoded the mitochondrial 16S rRNA. The 16S rRNA is poly-adenylated and, hence, expected to be present in a cDNA library. Among the other four mitochondrial clones, two coded for ATPase6, one for tRNA ser , and one for cytochrome oxidase II (COII). ATPase6, COII and tRNA ser are contiguous genes located at the midpoint of the mitochondrial genome (Desjardins and Morais, 1990) . Why all mitochondrial cDNA clones are from this gene cluster is unknown.
A wide spectrum of nuclear genes other than rRNA were represented, reflecting the many physiological functions of the liver. All of these clones were represented once, with the exception of aldolase B, which was isolated four times (4% of all clones analyzed). Although aldolase B is expressed at relatively high levels in liver, kidney, and small intestine (Burgess and Penhoet, 1985) , the abundance of this clone in the chicken liver cDNA library was unexpected.
As expected, many sequence tags were from genes involved in intermediary metabolism. Other genes, however, were not expected to be expressed in the liver. 
These are vigilin, which may be involved in the differentiation of chondrocytes and osteoblasts (Schmidt et al., 1992; Plenz et al., 1993) and in the activation of peripheral lymphocytes (Neu-Yilik et al., 1993) and agrin, which induces the aggregation of acetylcholine receptors at neuromuscular junctions (Gesemann et al., 1995) . Four of the clones had matches with human expressed sequence tags from genes with unknown functions, whereas for 28 (30%), no similar nucleotide sequences were found in the data banks (limited matches at the protein level are not reported). Thus, the current success rate in identifying nuclear genes (excluding rRNA) in a random chicken library is about 50% and as cataloguing efforts for EST in other species are progressing, it should soon be possible to identify every randomly isolated cDNA clone. As far as isolation of unique clones from liver cDNA libraries is concerned, care should be taken to identify redundant clones by dot blot hybridization to rRNA, mitochondrial DNA and aldolase B. Expressed sequence tags in the present study have been submitted to the EST database (dbEST) of the GenBank (accession number W66508-W66591).
Frequency of RFLP Detected by Liver EST in White Leghorns
The sequence variability near EST in White Leghorn chickens was assessed by analyzing a total of 16 strains from five different genetic bases for the presence of restriction fragment length polymorphisms (RFLP). The restriction enzymes chosen were MspI and TaqI. The RFLP at these restriction sites occur relatively frequently, presumably because they contain the dinucleotide CG in their recognition sequence (Barker et al., 1984; Cooper and Schmidtke, 1984) . The CG is the consensus sequence for cytosine methylation site and deamination may lead to C-T transitions (Sved and Bird, 1990) .
The presence of segregating RFLP in strains can rapidly be identified by bulk-hybridization (Figure 1 ). DNA from individuals is pooled, digested with the restriction enzyme, and run on a gel, using one lane per strain, and hybridized with an EST clone. The banding pattern of different strains is then screened for differences in the number or relative intensity of bands. The method can be further economized by hybridizing with more than one clone at a time. The abundance of RFLP in the two classes of nuclear genes was assessed by averaging the frequency of clones revealing RFLP at MspI sites and the frequency of clones revealing RFLP at TaqI sites in at least one of the five genetic bases. It amounted to 0.72 for clones homologous to genes coding for metabolic enzymes and 0.33 for genes coding for proteins not involved in metabolism. The difference is significant (n = 18, x 2 = 4.0, P < 0.05).
2 Revealed three MspI RFLP loci, respectively (unpublished result). The frequency of EST that were polymorphic at MspI or TaqI sites in at least one of the strains is given in Table 2 . None of the ribosomal EST revealed restriction fragment length polymorphisms (RFLP), in agreement with the known sequence conservation of rRNA. Among the mitochondrial clones, the 16S rRNA EST revealed no RFLP, whereas the ATPase6, COII, and the tRNA ser EST revealed a single MspI RFLP that was mapped to the ND5 gene (unpublished data). Three EST revealed repetitive sequences. Among these three, one clone was not homologous to any of the genes listed in the data banks, whereas the other two were related to agrin (a basal lamina protein; Gesemann et al., 1995) and 18S rRNA, respectively.
Among the total of 53 nuclear genes represented by EST (including unknown EST, but excluding rRNA), 60% were polymorphic at either a MspI site or a TaqI site. There was slight excess of RFLP at MspI sites (49%) as compared to TaqI sites (38%). All RFLP, except five, resulted in single band shifts, indicating that the RFLP were located in introns or in flanking regions of the genes.
Among the 18 CLEST corresponding to known nuclear genes, 9 represented enzymes involved in intermediary metabolism (Table 3) . Among these, the average frequency of clones revealing RFLP per restriction enzyme was 0.72, whereas the corresponding frequency for the other nine known nuclear genes was 0.33. Whether this abundance of MspI or TaqI RFLP in the vicinity of metabolic enzymes is diagnostic of a higher variability requires more detailed sequence comparisons.
